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Western wheatgrass (Agropyron smithii), also lmown as bluestem 
wheatgrass, has deep fibrous roots and vigorous underground stems 
mich effectively protect the soil from wind and water erosion. This 
grass has been used for reseeding of eroded soil, highway ditches and 
drainage ditches to stop 'Wind and water erosion. The Soil Conserva-
tion Service and Kansas State Highway Department have used t his grass 
extensively to seed bare areas. It bas also been used for hay and 
killing bindweed in some sections of the country (.Allred, 1950). 
Western 'Wheatgrass was found only occasionally in eastern 
prairies until after the advent of the drought period which began in 
1934, although it has always been abundant in the hard soils westward 
(Mueller, 1941) • .Albertson (1937), during the drought considered 
western wheatgrass a common species but less important t han the blue-
steros. During years unfavorable for growth in Nebraska, western 
wheatgrass produced only a few aerial stems, which grew poorly and 
failed to produce flowers (Weaver, 1954). Once liberated from drought, 
western wheatgrass made remarkable inroads into areas left bare by 
death of other species or by disturbed soil (Mueller, 1941). 
Western wheatgrass grows in dense or open stands, or inter-
mingled with other grasses and forbs. It grows on level lowland, in 
ravines or on top of hills and, in fact, on almost all sites except 
rocky or sandy areas. Western 'Wheatgrass grows naturally with the 
short grasses under most Great Plains conditions and this combination 
is superior to pure short grass for grazing because western "Wheatgrass 
provides green forage earlier in the spring and later in the fall 
than the short grasses. 
Western wheatgrass starts growth in early spring and produces 
high-protein spring growth that is especially relished by livestock. 
Maturity is normally attained by July 1, wo.en moisture content of 
soil often becomes less favorable. If the soil becomes dry, western 
wheatgrass is semi-clonnant until fall rains stimulate· new growth; 
otherwise, growth continues throughout the summer. 
The greatest destruction of our rangeland began with the great 
drought of 1933-40 and continued until now. Grassland research has 
undergone a definite acceleration since the drought (Albertson, 1949). 
Native grasslands form a major portion of our nation's agricultural 
resources and their importance has been brought clearly before 
research workers and nation as a whole. However, since the world 
wars, grasslands have been plowed and planted to crops to supply food 
and take advantage of high prices (Albertson and Weaver, 1942). 
Breaking of the grasslands has caused many acres to become eroded so 
that they are unfit for cultivation. Pearse, et al. (1948) estimated 
that 80 million acres of range land are depleted and must be reseeded 
to grass if they are to recover ani become productive in our genera-
tion. By 1948 approximately 5 million such acres had been planted. 
The re-establishment of grass is a very slow process on worn-
out and eroded soils. This was shown by Shantz (1911) in a study 
of the western Great Plains, where buffalo grass (Buchloe dactyloides) 
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took 20 to 50 years to return to the original state. Riegel (1944) 
found that, on a reseeded area, blue grama (Bouteloua gracilis) 
attained a cover in three seasons exceeding the cover "Which had taken 
24 years to develop on a natural revegetation site. 
This study, -which covered a period of two years, was originated 
in order to learn more of western -wheatgrass as a revegetation and 
soil conservation plant. It was suggested by the fact that there is 
a definite need for more lmowledge about this native grass which is 
a potential revegetation plant of the Great Plains. An attempt was 
made to study growth habits of the shoots, roots and rhizomes of 
western wheatgrass. 
Nomenclature of grasses and forbs mentioned i_~ this study 
follows Rydberg (1932). 
REIATED STUDIES 
Most research on variations in growth has been done with 
native and introduced grasses. Riegel (1940) studied variations in 
growth of blue grama (Bouteloua gracilis) from seed produced in 
various sections of the Great Plains. A similar study was conducted 
by Hopkins (1941) using side-oats gram (Bouteloua curtipendula). 
Webb (1941) worked out the life history and growth habits of buffalo 
grass (Buchloe dactyloides). Love and Hanson (1932) made a study 
of crested wheatgrass (Agropyron cristatum) vmich included a compari-
son of its life history w.i.th that of brome grass (Bromus spp.) 
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Weaver (1954) found that the soil under other prairie grasses 
contained a higher percentage of moisture than the same soil a few 
feet distant under western wheatgrass. Mueller (1941) studied habits 
of growth of rhizomes in 24 species of prairie plants. Weaver and 
Darland (1949) made a study on the intimate relations of roots and 
soils, and to measure root production quantitatively at various soil 
levels. Weaver (1942) made a study of the competition of western 
wheatgrass (Agropyron smithii) with relict vegetation of the prairie. 
VJ.any studies have also been made on the development and 
ecology of roots. Weaver (1919, 1920) found that the depth of grass 
roots varied from two to ten feet, depending on the species and the 
nature of the habitat. Albertson (1937) found that the majority of 
grass roots on upland sites near Hays, Kansas, reached a depth of 
five feet. Hopkins (1953), also wo king in the mixed prairie, 
examined root development of six grasses on artificially revegetated 
land. Pavlychenko (1937) calculated the total length of all roots of 
crested wheatgrass and found that they totaled 315.4 miles on a three-
yea:r old plant. Another study by Pavlychenko (1942) found the linear 
growth of western wheatgrass roots (209.2 miles per square meter, 
20 cm. deep) was nearly two and one-half times that of its nearest 
competitor, smooth brome (Bromus inermis). 
SOIL AND CLIMATIC CONDITIONS 
Soil was collected from the plot and mechanical analyses were 
made by the hydrometer method developed by Bouyoucos (1936). 
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Percentages of sand, silt and clay in the first foot level were 16, 
52 and 32 respectively. From one to five feet, the soil averaged 
seven per cent sand, 53 per cent silt and 43 per cent clay. The 
percentage of clay in the top foot of soil as compared to the next 
four feet was the greatest difference found in this determination. 
Small limestone rock fragments were sparsely scattered through the 
soil at a depth of 6 to 30 inches, with a one to two-inch layer 
tending to accumulate at the two-foot depth. 
The A horizon was dark brown in color with a granular 
structure and contained a large amount of organic matter to a depth 
of seven inches. Structure became blocky and columnar at the 20-inch 
level, where soil was yellow in color. Calcium carbonate deposits 
became apparent at about two feet and continued to be visible to the 
bottom of the excavation, which was ei ght feet deep. 
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The climatological data was taken from the Kansas climatological 
publication recorded at Hays, branch of Kansas State Experiment 
Station. The recording of all temperature will be given in Fahrenheit. 
General climatic conditions during the summer and fall of 1954 
were unfavorable for plant growth. The last freeze was on May 3, 
and by May 22 the temperature had increased to 95 degrees. It was 
hot throughout the season, especially in July when the average 
maximum temperature was 100 degrees and the average minimum was 69 
degrees. In July, :rnaxilnum temperature was 100 degrees or more for 
17 days, six of which were consecutive. August was not quite as hot 
as July, since temperatures of at least 100 degrees were recorded for 
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only ll days and maximum was 105 (Table I). During the period from 
May 1 to December 31, there were 88 days when the maximum temperature 
was 90 degrees or more, 37 days of 100 degrees or more, and two days 
when temperature exceeded llO degrees (Table I). The first freeze 
occurred October 16. There was no precipitation in November, and 
the average low temperature was 28.5 degrees. In December, the 
minimum temperature was minus three degrees, and this was recorded 
on two consecutive days. 
The climatic conditions for 1955 were better than the 1954 
season. The maximum temperature throughout the season was not as 
high and the precipitation was distributed better in the months of 
growth. During the year there were 52 days when the maximum tempera-
ture was 90 degrees or above and 26 days of 100 degrees or above, 
but none of the temperature exceede llO degrees. The date of the 
first freeze in 1955 was October 17. The last freeze in 1955 ms on 
April 7. 
Another climatic factor affecting plant life was wind, which 
together with high temperatures increased transpiration. Evaporation 
was measured by loss from a free--water surface and was an indication 
of the rate of transpiration. The 6,103 miles of wind movement in 
June, 1954 was 1.1~ times as great as the 4,359 miles in July 
(Table III). Total evaporation for the period from May 1 to October 31 
was 78.58 inches, or 3.41 times the average annual precipitation. 
In 1955, the 5,789 miles of wind movement in July was 1.52 











Table I. Precipitation and temperature records 
for 1954 at Hays, Kansas.l 
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Pptn. Temp. Temp. Av~. tem:12• Days exceedi~ 
inches IJ1..ax. min. high low 900-100° no 
5.51 95 27 67.9 47.3 1 0 0 
2.65 104 38 89.6 61.4 18 5 0 
1.o6 ill 62 100.0 69.0 29 17 2 
2.66 105 55 94.9 66.3 22 11 0 
1.98 104 40 89.6 59.1 19 4 0 
1.93 96 20 68.8 42.1 3 0 0 
T 78 8 62.0 28.5 0 0 0 
O.]J 67 -3 49.2 18.1 0 0 0 
15.98 88 37 2 
















Table II. Precipitation and temperature records 


























































90° 100° no0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
2 0 0 
7 0 0 
15 13 0 
18 9 0 
8 4 0 
1 0 0 
0 0 0 
0 0 0 
26 0 
1From Kansas climatological data. 
Table III. Wind movement and evaporation from a free 



























78 .. 58 
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Table IV. Wind movement and evaporation from a free 



























movement in 1954 was greatest in June whereas, in 1955, wind movement 
was greatest in July. The wind movement in 1955 was more than in 
1954 by 1,788 miles. 
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Evaporation in the 1955 season was greater than in the 1954 
season by 7.65 inches. Ho-wever, there was .07 inch more precipitation 
in 1954. The evaporation in the summer months in 1954 was 7.74 times 
as much as the precipitation received during these months (June, 
July and August). The evaporation during the siumner months in 1955 
was 7o82 as much as precipitation. 
In 1954, the plants were damaged by hail tw.Lce during the 
season. The first hailstorm came on August 1 and was very severe. 
Hailstones ranged up to one inch in diameter and for several weeks 
indentations could be seen in the surface of the soil. On October 11, 
another hailstorm gave the grass a rather severe beating. 
METHODS OF STUDY 
Procuring Seed. 
The seed of western whea.tgra.ss was obtained from a seed 
company. The seed had been grown in South Dakota, with a germination 
of 75 per cent and purity of 85 per cent. 
Selection and Preparation of Seedbed. 
The plot, located on the Fort Hays Kansas State College fa.rm,, 
was a clay loam flood plain which had been fallow for four years. 
The plants grow.i.ng on the plot were puncture vine (Tribulus terrestris), 
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Russian thistle (Salsola pestifer), rough pigweed (Amaranthus retroflexus), 
bindweed (Convolvulus arvensis), stink grass (Eragrostis cilianensis) 
and green foxtail (Setaria viridis), -which proved to be a constant 
source of trouble throughout the two seasons. Prior to planting, the 
plot had been worked with a disk and rotary hoe to level the ground. 
The soil was left fallow until a rain and t hen hoed once and raked 
three times to level the ground and destroy as many weeds as possible. 
Planting. 
Seeds were planted April 29, 1954 in three rows four feet apart 
and 75 feet long. Shallow furrows one-half inch deep were made 
·w:i th a rake handle . Six to eight seeds per i nch were dropped in the 
furrows and covered one-fourth to one-half inch. straw was used as 
mulch to slow dom evaporation f om the soil so t hat t he seed -would 
germinate faster and the soil -would not crust over and prevent the 
shoots from coming through. Mulch -was removed five days before 
germination occurred on May 14. The weather had been rainy and cool 
these two weeks and it was thought that the seed would sprout better 
~~thout the mulch. The first plants were excavated on May 24, 1954, 
ten days after germinat~on. 
Each time the area was visited notes were taken on the appear-
ance and growth of the plants. 
Care of Plants. ---
The plot was sprinkled every evening to keep the soil moist. 
After germination, water was applied to the plot each evening nntil 
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the roots became established. Thereafter, it was sprinkled only when 
soil moisture became depleted. Every week during the growing season 
the weedy plants were removed from the area. This was done to remove 
all competiti on f rom the grass . A hoe was used to kill the weeds 
between the rows, care being taken not to disturb the roots of the 
plants. The grass was thinned three times the first three months 
because it was too thick for the study of root structure. The plants 
were t-wo weeks old 'When first thinned to two inches apart, and then 
were thinned to six inches apart when four weeks old. Four weeks 
later the plants were t hinned to two feet apart so that competition 
did not affect root development to any extent. 
Root Removal. 
The root systems were rem ved from t he soil by using a modified 
trench-tracing method (Weaver, 1919) during May, June and July. 
During this time all root systems of the grass were removed intact, 
and preserved for later reference. The plants were excavated about 
every week for the first three months. To get a representative 
specimen, five plants were removed each time and a typical plant was 
chosen as an example for this study. 
The rest of the plants were excavated using both the trench-
tracing method (Weaver, 1919) and trench-washing method (Stoecheler 
and Kluender, 1938). The plants were not removed complete, but 
portions were taken into the laboratory for later study. One was 
removed on August 1 and one on December 3, 1954. In 1955 t-wo root 
systems were excavated on March 5 and two more on May 28. 
The last plants -were removed by the monolith method (Weaver 
and Darland, 1949) in December, 1955. Two plants were dug, one for 
study of roots and one for rhizomes. 
Measurement of Growth. 
To determine the development of the plants, various parts -were 
measured. The growth above ground was separated from the grow-th below 
ground. The data taken on t he plants above ground were : (1) number 
of leaves on main plant, (2) length of l eaves on main plant, (3) wi dth 
of leaves on main plant, (4) number of leaves on r hi zome shoot s, 
(5) length of leaves on rhizome shoots , (6) width of l eaves on 
rhizome shoots and (7) total length of leaves. 
Data collected to determine growth below ground included: 
(1) number of main roots, (2) de t h of main roots, (3) lengt h of main 
roots, (4) number of roots on r hizomes, (5) depth of root s on 
rhizomes, (6) length o~ roots on r hizomes, (7) t otal l engt h of r oots 
on plant, (8) rrumber of rhizomes on plant, (9) length of l ongest 
rhizome, (10) widt h of r hizomes and (11) total l engt h of r hizomes on 
plant. 
Since leaves and shoots of plants are the parts ut i l ized by 
animals, the amount of leaves produced is an important aspect of 
the study". The total l ength of leaves and roots was obtained by 
measuring each leaf and root and adding t he r esults. The number of 
rhizomes and tillers was counted at the same time. 
The first year air-dry weight of shoot-growth was determ:ined 
by clipping three plants as closely as possible. The second year 
individual plants bad grown together, so five meter quadrats were 
clipped to determine the shoot-gro~rth. This material was air-dried 
and weighed. The air-dry weight of roots and r hizomes was al so 
secured t he second year. 
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Numbers of main roots were obtained by counting t he roots 
arising from the crown. The r hizome roots wer e thos e that had grown 
from t he underground stems. Depth of penetration was based on 
measurement s of t he root extending t he gr eatest distance int o t he 
soil. Tot al lengt h of rhiz omes was f i gured by measuring t he primary 
and secondary r hizomes. Plants collected wer e kept i n t he l abor a tory 
f or future reference. 
The f irst year, only six heads were produced and seed yiel d 
was not taken. The second year, f ive meter quad.rats were clipped and 
t he heads were secured and number of stems and heads were counted. 
The number of stems t hat produced heads was estimated and c ompared to 
basal cover, which was determined by using a s t em count method 
(Martin, et al., 1955). The number of spikelets per :inflorescence 
also was estimated. 
GROWTH HABITS .AND ECOLCGICAL CHARACTERI STICS 
Western wheat gr ass is a perennial sod-forming grass with 
numerous rhizomes. The rigid erect stalks vary from 6 to 30 inches 
in height. The leaves produced the first two to four weeks were a 
purplish green color midway up the leaf and the remainder was a 
bluish green. Later the leaves were rigid, upright and bluish green, 
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varying from 2 to 11 inches in length at the close of first season. 
The lower leaves died on the stems after four to five leaves were 
produced. The zones between the shoots and roots, -where the new 
shoots and roots were produced will be called the cro-wn. The rhizomes 
also arose from the crown. The roots penetrated almost vertically 
downward, branching profusely and somewhat regularly. There were 
many root hairs on the new roots through the growing season. Roots 
were also produced from the rhizomes which were two to five inches 
beneath the surface, varying in number and depth on different 
rhizomes. Young rhizomes usually have many modified leaves sometimes 
called scales, which soon split along the veins into long threads, 
but -when the nodes increase in length the scales do not grow in 
length. Scales are usually present on the last three inches of the 
rhizomes. Evidently scales on older section of rhizomes have died. 
The rhizomes or underground stems were produced about a month 
after the shoot had broken through the surface of the soil. At the 
same time the rhizomes were produced, adventitious roots appeared, 
and about two weeks later t he seminal roots bad disappeared and roots 
started to grow from rhizomes. 
Shoots arose singly or in small numbers, usually from t he nodes 
of the rhizomes, nodes were one to four inches apart. A shoot might 
not arise from every node. If there were a number -of shoots on the 
rhizomes, usually secondary rhizomes were produced, and the number of 
these might vary from one to five. More roots were t hereby produced. 
The roots t hat were produced by one rhizome varied from one to five 
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per node, (but were usually two to three). Every node produced roots 
but not always shoots. The roots on the rbizomes grew in length as 
much as 43 inches, depending on the age of rhizomes and places ~There 
roots were produced. The rhizomes produced the longest roots between 
the fifth and tenth nodes. The rhizomes varied in width from .0195 
to .0975 inch. 
A year-old plant produced many rhizomes varying from less than 
one to 48 inches long . Narrow rhizomes seemed to have fewer shoots, 
scales and roots than fleshier rhizomes. The slender ones seemed 
to be longer and produced more secondary rhizomes, and generally the 
nodes were further apart, usually three to four inches. 
Growth of western -wheatgrass was renewed early in spring 
(February) and maturity was normally attained by July 1, -when rainfall 
becomes less. Examination of underground parts at frequent intervals 
during the t wo growing seasons revealed that growth periods of 
rhizomes coincide with those of tops. While the plants were dorn1a.I1t 
the shoots were still green at the soil surface. New rhizomes 
began to form as soon as the shoots provided sufficient food. The 
t ips of the rhizomes were white, with scales protecting them during 
the grow.i..ng and dormant periods. There were large, -white roots below 
the last shoots produced in the fall. When sufficient food was 
provided by the shoots, new rhizomes were produced. The new rhizomes 
started from the last shoot produced that fall. The shoots and 
rhizomes started growth after the coldest part of the winter has 
elapsed and sufficient moisture was provided. 
Not many heads were produced during the first year of growth. 
The next year, when heads had developed spikes, -which were 2 to 3.5 
inches long, the plants resembled a stand of planted 'Wheat. Seed was 
produced by the first of July. 
RESULTS 
Germination. 
Western -wheatgrass seed started to ger:ruinate 16 days after it 
was planted. The seed, before germination, surrounded by the palea 
and lemma became soft and pliable as moisture penetrated it. The 
caryopsis began to swell when moisture was absorbed and later t he 
embryo appeared white as it came through the seed coat. The third 
day after germination the rad.icle had emerged to one inch in length 
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and the coleoptile had just broken through the coleorhiza; but, three 
days later, the coleoptile had grovm to one inch. On the eight h day 
after germination, the radicle had elongated to 1.5 inches and the first 
foliage leaf had pushed through the surface of the soil. The young 
root had many root hairs just behind its tip. 
Shoot-growth. 
The first plant to be excavated on May 24 had two leaves with 
a total length of about two inches. The longest leaf was 1.1 inches. 
Nine days later, on June 2, the plant removed had two leaves each 
1.75 inches long. Six days later, there were three leaves present 
and the total length was 7.79 inches. The longest leaf had gro-wn 
1.25 inches in six days. Thirty-two days after germination, on 
June 15, six leaves were present with a total l ength of 20.5 inches , 
and the longest leaf was 4.5 inches long. The leaves from this plant 
had doubled in nUlTlber and length compared to the plant a week before 
(Table V and Fig. 5). On June 20, 37 days after germination, six 
leaves were present but the total length and length of longest leaf 
were less than they were at the previous measurement. 
Six days later, however, there were seven leaves present and 
the total length had increased to 34.5 inches. The longest leaf was 
eight inches long. During the next 18 days, t he plants seemed to 
go into dormancy as the total leaf length decreased even though four 
new leaves were produced. Many of the older leaves died back from 
the tip. On July 14, 61 days after germination, the plants had 
started to grow again. Eleven leaves were present on this plant with 
a total lengt h of 33.5 inches . The tota l leaf l ength was about the 
same as it was 18 days before, but individual leaves had become much 
shorter. Eight days later, July 22, t he longest leaf had grown at 
least two inches. At this time, two new l eaves were produced from 
shoots on rhizomes and ten from t he main plant. The total length 
of leaves bad increased 21.5 inches du.ring these eight days (Table V 
and Fig. 5). On August 1, (10 days later) there were 27 leaves 
present on t he main plant and 15 on r hizome shoots with a tot al 
length of 157 inches. The length of longest leaf was nine inches 
(Table V and Fig. 6). 
19 
Fig . 1. Rows of western wheatgrass on the area studied, 32 
days after germ.:i.nation (June 15, 1954) . 
20 
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Fig. 2. Western wheatgrass growth about one year old (March, 
1955) . 
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On December 3, there were almost as many leaves on shoots of 
rhizomes (27) of plants selected for study, as on the main plant (30). 
The length of longest leaf was 9.5 inches and the total length of 
leaves on main plant was estimated to be 262.5 inches. The total 
length of leaves on both the main plant and rhizomes was estimated 
to be 431.25 inches. 
The grass -was dormant from December 1 until February 15. It 
started to grow on February 15, and a plant was removed March 5. The 
number of leaves at that time was estimated to be 162 on the main 
plant and 513 on rhizomes. The longest leaf was 8.25 inches long, 
after only three weeks of growth. The total length of leaves was 
estimated to be 2,686.5 inches. 
The last plant was examined for leaf measurements on May 28 . 
The number of leaves was 178, w.i.th a total length of 890 inches. The 
leaves were longer on the underground stems than on the main plant . 
Width of leaves varied from .08 inch on young shoots to . 27 
inch on older ones. There was also a variation in width of new 
leaves following dormancy or freezing weather. 
Root-growth. 
The first plant, excavated on May 24, bad two seminal roots 
-with a total length of 2.85 inches. The longest root penetrated 
2.55 inches. Nineteen days after germination, on June 2, the plant 
bad three seminal roots, mich totaled 6.1 inches in length. The 









Fig. 3. Shoot and root development of western 'Wheatgrass 















Fig. 4. Shoot , root and rhizome devel opment of western 


















Fig. 5. A representative top, root and rhizome sys tem of 
western wheatgrass after 78 days growt h (Augus t 1, 
1954) . 
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exami..~ed. On June 8, the plant had four seminal roots with a total 
length of 8. 8 inches . The seminal roots went down to a depth of 
3.4 inches. Seven days later, June 15, eight roots (4 seminal and 
4 adventitious) had developed, and the longest was 8.75 inches long. 
This was the first plant studied with adventitious roots present, 
and the adventitious ro ots seerred to develop from the crown at the 
same time the rhizomes were produced (Table VI and Fig. 4) . This 
plant (32 days after germination) was also the first to produce a 
rhizome . The total length of roots on this plant was 39.5 inches, 
or nearly twice as long as a week before. The next plant was 
excavated on June 20, and had eight roots (4 seminal and 4 adventi-
tious) . The adventitious roots differed from the seminal roots in 
that they had more branches and were not as large or as white in 
color. The depth (5 inches) and total length (27.75 inches) of roots 
were less t han on the plant removed f i ve days before (Table VI and 
Fig. 4) . 
On June 23, the plant removed had seven roots (2 seminal and 
5 adventitious) and had reached a depth of 10.55 inches. Two of the 
seminal roots had apparently disappeared by this date. The total 
length of the roots was 35. 7 inches. Forty-three days after germina-
tion, June 26, the seminal roots had disappeared and six adventitious 
roots were present. This plant was t he first to be examined with 
roots on rhizomes. On all the plants studied., adventitious roots 
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were produced on the rhizomes at about the same time that seminal 
roots disappeared from the ma.in plant. The longest root was 22 inches 
Table V. Comparison of selected characteristics of plants of various ages, above t he soil level. 
MAIN PLANT PLANTS FROM RHIZOMES TOTAL 
DATE AGE IN No. of Length Total No. of No. of Length Total IENGTH 
DAYS l eaves of length leaves r hizomes of length OF LEAVES 
leaves primary secondary leaves (ino) 
(in.) (in.) 
5-24 10 2 1.1 1.98 0 0 0 0 1.98 
6-2 19 2 1.75 3 .5 0 0 0 0 3.5 
6-8 25 3 3.0 7.79 0 0 0 0 7.79 
6-15 32 6 4. 5 20. 5 0 1 0 0 20.5 
6-20 37 6 3.5 15. 25 0 2 0 0 15.25 
6-23 40 5 3. 75 12.79 0 1 0 0 12.79 
6-26 43 7 s.oo 34.50 0 2 0 0 34.50 
6-30 47 5 5.75 25. 75 0 1 0 0 25.75 
7-3 50 8 4.50 27.25 0 2 0 0 27.25 
7-6 53 10 4. oo 27.75 0 5 0 0 27.75 
7-14 61 11 5.50 33. 50 0 1 0 0 33 .50 
7-22 69 10 7.50 53.50 2 5 1 1 1.5 55.oo 
8-1 78 27 9.0 111. 0 15 5 7 7.5 46.o 157.00 
12-3 203 30 9.5 262 .5* 27 8 12 8.5 168.75* 431. 25* 
3-5 29.5 162•~ 8. 25 891. 0•~ 513 •~ 6 59 s.o 1, 795. 5-r, 2, 686 .,5-r.-




on main plant and one inch on the rhizome. The total length of roots 
-was 75.4 :inches (Table VI and Figo 5). 
The next three plants removed (June 30, July 3 and July 6) had 
shallower roots and less total length of roots than the plant removed 
June 26. This might be explained by the fact that these three 
excavations ~rere made at the time that the leaves were dormant. 
Sixty-one days after gennination, July 14, the main roots had grown 
to a depth of 24 inches and r hizome roots to six inches. Eight roots 
on the main plant and five on the rhizomes bad a total length of 
67.75 inches. On July 22, eight days later, three additional roots 
were produced, and there were 23 roots on rhizomes, compared to 11 
on the main plant. This was the first time more roots 1-rere found on 
rhizomes than on the main plant. The total length of roots on the 
main plant (95.75 inches) was more, however, than that of roots on 
the rhizomes (83.5 inches). The total length was 179.25 inches for 
both sets of roots (Table VI and Fig. 5). 
On August 1, 78 days after germination, a plant was examined 
with 21 main roots and 56 roots on rhizomes. The depth of main roots 
28 
. -was 35 inches, but rhizome roots were only 12.5 inches deep. The 
total length of roots present on one plant -was 439.75 inches (Table VI 
and Fig . 6). 
On December 3, a plant was removed with 53 main roots and 200 
roots on rhizomes. The depth of one root was 92 inches, which was 
the deepest of any root excavated in the study. The total length of 
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roots (main and rhizome) on this plant -was estimated to be 5,826 inches 
or 485.5 feet (Table VI). 
On March 5, 295 days after gemination, a plant was removed for 
study of rhizomes. The number of roots on the main plant -was 65 and 
3,717 roots on rhizomes were found (Table VI). 
The last plant to be removed for observation of root growth 
ms on May 28, 13 months after planting. There were more roots on 
main plant (121) and fewer roots on rhizomes (2,904) than t he plant 
removed on March 5. The total length of roots on t he rhizomes 
(34,848 inches) exceeded the length of roots on the main plant 
(5,082 inches) about seven times. The total length of roots ms 
39,930 inches or 3,327.5 feet. This vias more than a half mile of 
roots from one plant. 
Rhizomes. 
The first rhizomes appeared on June 15, 32 days after germina-
tion. The total length of the rhizomes at this stage -was 2.25 inches. 
The rhizomes did not change much during the next two weeks. This -was 
during the time when plants were dormant. Five rhizomes were present 
on July 6, with a total length of 5.5 inches. Si,~teen days later, 
July 22, five primary rhizomes and one secondary rhizome ·were found 
on the plant. On August 1, 78 days after germination, the plant had 
produced five primary rhizomes and seven secondary rhizomes. The 
total length of rhizomes was 49.25 inches (Fig. 6). later, about 
200 days after germination, six primary and 12 secondary rhizomes 
Table VI. Comparison of selected characteristics of plants of various ages , below the soil level. 
ROOTS - M.Alli PLANT ROOTS FROM RHIZOMES TOTAL 
No. of roots Greatest Total No. of Greatest Total LENGTH OF DATE AGE :rn root length roots on root length RHIZOMES & DAYS seminal adventi- length rhizomes length MA:rn PLANT tious 
5-24 10 2 0 2.55 2.85 0 0 0 2.85 
6-2 19 3 0 2.75 6.1 0 0 0 6.1 
6-8 25 4 0 3.4 8.8 0 0 0 8.8 
6-15 32 4 4 8.75 39.5 0 0 0 39.5 
6-20 37 4 4 5.0 27. 75 0 0 0 27.75 
6-23 40 2 5 10.55 35.7 0 0 0 35.7 
6-26 43 0 6 22 0 0 74.25 2 1.0 1.15 75.4 
6-30 47 0 7 12.5 45.75 0 o.o 0 45.75 
7-3 50 0 7 20.25 60.25 1 2.0 2 62.25 
7-6 53 0 5 13.5 43.5 3 1.5 2 45.5 
7-14 61 0 8 24.0 54.75 5 6.o 13 67.75 
7-22 69 0 11 22.0 95.75 23 5.5 83.5 179.25 
8-1 78 0 21 35.o 271.?5 56 12.5 168 439.75 
12-3 203 0 53 92.0 2.,226.Cffe 20~} 36.0 3,60<ffe 5,826oOM-
3-5 295 0 65 3,717* 




Fig. 6. Rhizomes of western wheatgrass, 295 days after 
planting (March 5, 1955). 
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were found. The total length of these rhizomes was 360 inches. The 
next plant, excavated March 5, had six primary and 59 secondary 
rhizomes. Many rhizomes were produced between December 3 and March 5, 
and the total length of rhizomes on March 5 was 552 inches (Table VI 
and Fig. 7). The width of rhizomes varied from .02 to .10 inch. The 
rhizomes extended 'Widely in the surface two to five inches of soil. 
Comparison of Shoots, Roots Rhizomes. 
Formation of new vegetative parts greatly increased the total 
length of leaves, total length of roots, and total length of rhizomes. 
The number of seminal roots and leaves were the same at the first 
examination. Seminal roots were about a third longer than the leaves. 
The second removal of plants showed that t he seminal roots about 
doubled the leaves in length, but 25 days after germination the 
leaves and seminal roots were about equal. The seminal r oots disappeared 
in the next two weeks and the adventitious roots were the only ones 
present. From June 8 to July 22 the adventitious roots and leaves 
were about equal in number, but in total length the roots about 
doubled the leaves. Numerous roots had been produced by the rhizomes 
on July 22, 69 days after germination, and the total length of roots 
then greatly exceeded that of leaves. The number of roots was greater 
than number of leaves on th9rentire plant from July 22 to the end of 
study. However, the proportion of roots to leaves was much larger on 
rhizomes than on the main plant. In fact, the main plant had a few 
more leaves than roots at the end of the study. Length of roots 
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Table VII. Comparison of rhizomes on plants of various ages. 
RHIZOMES 
DATE AGE No. of rhizomes Length Total IN DAYS primary secondary l ength 
5-24 10 0 0 0 
6-2 19 0 0 0 
6-8 25 0 0 0 
6-15 32 1 .6 .6 
6-20 37 2 1.25 2.25 
6-23 40 1 .3 .3 
6-26 43 2 3.5 4.25 
6-30 47 1 .25 . 25 
7-3 50 2 1.0 1.75 
7-6 53 5 3.5 5.5 
7-14 61 1 5.5 5.5 
7-22 69 5 1 n.o 21.25 
8-1 78 5 7 15.0 49.25 
12-3 203 8 12 33.0 360.0 
3-5 295 6 59 48.o 552.0 
5-28 379 
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exceeded l ength of leaves during t he entire time. The shoots 
developed from rhizomes had produced more leaves than the main plant 
after 200 days of growth. There was twice the number of roots on 
rhizomes as on the main plant after 69 days of growth, and by the 
end of the season t he rhizomes bad produced 24 times as many roots as 
the main plant• 
Rhizomes are very important for western wheatgrass. The 
leaves on shoots growing from rhizomes carry on most of the photo-
synthesis, and the roots on rhizomes get most of the water and 
nutrients for photosynthesis. Also t he r hizomes act as a storage 
for food reserve. 
Comparison of Shoots, Roots and Rhizomes Removed~ December .2,, 1955. 
On December 3, 1955, a block of soil one-half square yard by 
six inches deep was removed to study rhiz omes. The rhizomes weighed 
65.3 grams (air-dry weight)• The total length of rhizomes in one-
half square yard was 74 feet which was equivalent to about 696,320 
feet, or 11 miles, of rhizomes per acre in a pure stand of western 
wheatgrass . As far as the author could tell t hese were from only 
one plant. There were 410 shoots present in the one-half square 
yard, with an average of three leaves to each shoot (Fig. 7 and 8). 
At the same time, on December 3, a monolith was excavated 
30 inches deep, four inches thick and one meter wide . The tops were 
clipped, air-dried and weighed, and the roots were washed out for 
measurement and weighing. The yield per acre for the tops was 
Fig. 7. Soil block, one-half square yard by six inches deep, 
used for r hizome study, before cleaning (December 3, 
1955) . 
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Fig . 8. Structure of rhizomes after the soil 
-was removed (see Fig . 7) . 
36 
Fig. 9. Monolith, 30 inches deep, four inches thick and one 
meter wide, used for study, before cleaning 
(December 3, 1955). 
37 
Fig. 10. Structure of roots after soil was 
removed (see Fig. 9). 
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5,849.7 pou..l1.ds, and the roots and rhizomes yielded 7,072.03 pounds per 
acre. As can be seen in Fig. 10,the top four inches have the greatest 
percentage of roots. There were about 450 roots present at a JO-inch 
depth of this monolith. 
Productiono 
At the end of the first growing season, five plants were 
clipped and the average yield was estimated. The average weight per 
plant was 8.43 grams , with about three plants growing per square 
meter. There were 57 stalks produced the first season in a square 
meter. There were only six seed heads produced the first yea:r on 
the entire plot . The second year, five quadrats were clipped and 
the average number of stalks present in each square meter was 330. 
Seed stallcs were produced on 13.25 per cent of the stalks. The first 
yea:r, the heads had an average of five spikelets and the second year 
there were ten spikelets present on each head. By using the stem-
count method designed by Martin, et al. (19.55) the per cent of basal 
cover was found to be ll.27. 
DISCUSSION AND Slll1M.ARY 
A study was made of growth habits of the shoot, root and 
rhizome of western wheatgrass (Agropyron smithii) during the first 
two seasons of growth. 
The climatic conditions for the two seasons were unfavorable 
for plarrt growth, especially during the first season. 
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The plot selected was located on the Fort Hays Kansas State 
College fa.rm. The seedbed preparation consisted of plowing, diski..ng, 
packing and leveling. 
Seed was planted on April 29, 1954, in a deep alluvial soil 
containing small limestone fragments intermixed with the soil between 
6 and 30 inches. 
The plants were weeded and watered when needed and optirmun 
conditions were maintained as nearly as possible. Straw was used as 
mulch to reduce evaporation until the seed germinated. The seed 
germinated 16 days after planting and the first plants were excavated 
10 days after germination. The grass was thinned so that competition 
would not affect root development. The shoots, roots and rhizomes 
of individual plants were examined every few days for 78 days, and at 
longer intervals during the remainder of the study. 
The methods used to remove root and r hizome systems of indi-
vidual plants were the modified trench-tracing and trench-washing. 
Data collected to determine development were : (1) number of 
leaves on maLD plant, (2) length of leaves on main plant, (3) width 
of leaves on main plant, (4) number of leaves on rhizome shoots, 
(5) length of leaves on rhizome shoots, (6) width of leaves on rhizome 
shoots and (7) the total length of leaves. Data were secured below 
ground as to: (1) number of main roots, (2) depth of main roots, 
(3) length of main roots, (4) number of roots on rhizomes, (5) depth 
of roots on rhizomes, (6) length of roots on rhizomes, (7) total 
length of roots on plant, (8) number of rhizomes on plant, (9) length 
of longest rhizome, (10) width of rhizome s and (11) total length of 
rhizomes on plant. 
These data i ndicated that western wheatgrass was relatively 
slow in germinating, even under optimum conditions. Follow:ing 
gennination, the coleoptile and radicle were about equal in length 
and continued the same rate of growth for eight days . later, the 
roots began to grow -faster . New shoots, roots and rhizomes were 
produced at t he cro'Wl1. 
The leaves produced the first two to four weeks were purplish 
green at the base of the leaf and bluish green toward the tip . later 
leaves were bluish green and varied in length during the growing 
season. 
The seminal roots were the first roots to appear and they 
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were longer t han the first lea es . Twenty-five days after germination 
the leaves and seminal roots were about equal in length. Leaves and 
adventitious roots were about equal in number until the plants were 
61 days old. Numerous roots were produced by rhizomes after 61 days, 
and thereby far outnumbered the shoots on an individual plant . The 
longest leaf present on an individual plant was 11 inches . The 
greatest root depth was seven feet eight inches. 
Western wheatgrass' habits of growth were well adjusted to 
the distribution of rainfall. Growth was renewed early in spring 
and maturity was normally attained in the summer months when rain-
fall became less favorable. In the fall , growth was renewed again 
until severe winter conditions prevailed. 
A study ma.de by "Wheeler (1955) on intermediate wheatgrass 
(Agropyron intermedium) and crested -wheatgrass (Agropyron cristatum) 
revealed that only five leaves were produced in about two months, 
compared to 27 leaves on western wheatgrass at the same age . "Wheeler 
also found t hat crested and intermediate 'Wheatgrass produced 11 and 
14 roots, respectively, in two months, compared to 77 roots on 
western wheatgrass. 
After new shoots appeared in spring, new roots and rhizomes 
also appeared 'When sufficient food was provided by shoots. When 
plants were 37 days old, they went into dormancy for 18 days. At 
this time the shoots, roots and rhizomes did not grow. 
The seminal roots were the first ones to _appear on the young 
plant. Adventitious roots developed and new rhizomes appeared 
32 days later. Eleven days late the seminal roots disappeared and 
adventitious roots bad developed on the rhizomes for t he first time. 
The roots of western wheatgrass penetrate almost vertically 
dowm-ra.rd, branching profusely, to about eight feet in depth. Weaver 
(1954) stated that the root system was usu.ally six feet deep but some 
were a foot or two deeper. 
The rhizomes occur in the top t wo to five inches of soil. The 
rhizomes were from three inches to four feet in length and grew ver-J 
rapidly. The slender rhizomes were longer 1-Jith fewer shoots , scales 
and roots and seemed to produce more secondary rhizomes than the 
fleshier ones. The first year, vrestern wheatgrass spread from one 
to seven feet by means of i ts r n.iz omes, which radiated and propagated 
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from subsurface shoots in all directions from the main plant. The 
rhizomes may vary- in width from .02 to .10 inch. Weaver (19.54) found 
they vary from .02 to .06 inch in diameter. The rhizomes produced 
more leaves than the main plant after 200 days of growth. 
The total length of rhizomes in one-half square yard was found 
to be around 74 feet. Mueller (191.il) during an experiment extending 
over two years, found 600 feet of r hizomes were p~oduced in one 
square meter. Pavlychenko (1942) found the linear products of western 
wheatg-rass to be 209.2 miles per square meter, 20 cm. deep. The 
author found t he longest rhizome to be only four feet in length as 
compared to one seven feet found by Mueller (1941). 
Shoots arose singly or in small numbers usually from the nodes 
of the r hizomes, nodes were one to f our inches apart. The number of 
roots that were produced by r hiz mes varied from one to five per node 
and some reached a depth of 43 inches. The longest roots seemed to 
be between the fifth and tenth nodes. 
The second yee:r, shoots, roots and rhizomes were air-dried 
and weighed, and the weights converted into yields per acre. The 
yield per acre for the tops was .5,849 pounds, while the roots and 
r hizomes yielded 7,072 pounds per acre. 
The first year only six heads were produced on the entire 
plot, but the second year 13 per cent of the stems bad seed heads . 
The stalks that produced heads varied from 6 to 30 inches in height. 
Basal cover for this grass was 11 per cent. 
The data which have been presented seem to indicate that 
western wheatgrass is hardy, spreads rapidly and is adapted to the 
area around Hays, Kansas. The grass has been used to reseed eroded 
soils and high-way and drainage ditches to help bind the soil from 
erosion by w.i.nd and water. Western -wheatgrass has become an llllport-
ant grass in the Great Plains since the drought (1933-40). Its 
cool season habit of growth enabled it to make tremendous gains 
during t his period of unfavorable climatic conditions (Albertson and 
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